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640a Wednesday, February 19, 2014SH2 and SH3. X-ray crystal structures of c-Src kinase are available for the inac-
tive assembled state and an active-like re-assembled state, but the transition
pathway and its dependence on the configuration of the SH2 and SH3 regula-
tory modules is still largely unsolved. Using molecular dynamics simulations
and the string method with swarms-of-trajectories we have determined the tran-
sition pathway in both the assembled and re-assembled active-like conforma-
tions of the SH2/SH3 domains. Comparison of the active-like conformation
of the catalytic domain in the two SH2/SH3 states shows that the re-
assembled SH2/SH3 promotes a further opening of the catalytic site. The mech-
anism of the A-loop opening is also influenced by the SH2/SH3 domains. The
calculated pathway provides novel insight into the influence of the regulatory
models on kinase activation.
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Exploring pKa Values for Buried Residues in Membrane Bilayers using
Constant pH Molecular Dynamics Simulations
Afra Panahi, Charles L. Brooks III.
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Environmental conditions such as pH are considered to play profound roles in
determining proteins’ structures and functions. In recent years, several experi-
mental and computational techniques have been developed to improve our un-
derstanding of the effects of pH on proteins. However, the implicit
representation of solvents in the current constant pH molecular dynamics
(CpHMD) methods can lead to undesirable side effects in calculating pKa
values of titratable side chains. These effects can be even more pronounced
for membrane proteins where the rigid nature of the current implicit membrane
models causes unrealistic pKa shifts in favor of neutral states. Inspired by
recently published pKa values for Lys residues in model transmembrane pep-
tides (Gleason NJ et al. (2013) PNAS 110:1692-1695), here we explore a newly
developed CpHMD technique based on an all-atom representation of solvent/
lipid molecules and proteins for simple transmembrane peptide models with
a titratable side chain. The pKa values of the side chains along with the pH
dependent configuration of these peptides in the membrane bilayer are investi-
gated and compared with the available experimental values. Motivated by the
excellent agreement between the calculated pKa values and the experiment for
model peptides, the purely explicit CpHMD is also applied to study the pKa
values of titratable side chains of influenza A proton channel (M2) and its
pH dependent structural change in the membrane bilayer.
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Molecular dynamics and Monte Carlo simulation can provide detailed struc-
tural insights into biological systems by exploring the distribution of accessible
conformational states. However, due to the rough free energy landscapes char-
acterizing many systems, obtaining converged statistics in such simulation re-
mains an important challenge. In order to address this issue, over the past
decades, a number of enhanced sampling strategies have been proposed,
including methods like simulated annealing, replica exchange, metadynamics
and generalized ensemble approaches such as multicanonical (flat histogram)
sampling. Most of these methods were designed to soften the landscape, mak-
ing it easier to overcome the free energy barriers. Recently, it was proposed that
additional performance gains could be obtained by taking the position-
dependent diffusion coefficient along the reaction coordinate into account,
thus placing greater emphasis on regions diffusing slowly so that the round
trip rate is maximized (Trebst et al. 2004. 10.1103/PhysRevE.70.046701).
Although the diffusion-optimized ensemble approach has shown great promise,
the practical application of it has been hindered by the serious challenge of esti-
mating the diffusion coefficient accurately, especially at the preliminary stage
of a simulation when only a small part of the phase space has been explored. In
this study, a simple yet robust solution to this problem is presented. We propose
replacing the standard global estimation procedure with a local estimation tech-
nique that was previously introduced in the context of trajectory analysis and
reaction coordinate optimization (Krivov et al. 2008. 10.1073/
pnas.0800228105). We demonstrate that the precision of the proposed estima-
tion method is dramatically increased, requiring considerable fewer data
compared to current state-of-the-art procedures. Finally, we show that with
our method, diffusion-optimized sampling arises as a natural generalization
of the standard multicanonical ensemble, estimating a simple histogram of tran-
sitions rather than the usual histogram of states.3237-Plat
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We present a hybrid free energy calculation method that integrates two distinct
classes of nonequilibrium sampling techniques, namely, driven and adaptive-
bias molecular dynamics (MD) methods. We design a biasing protocol with
an explicitly time- and history-dependent bias that uses on-the-fly work mea-
surements to gradually flatten the free-energy surface. The scheme is general
in that any variation of driven MD, e.g., steered MD (SMD) or targeted MD
(TMD), can be integrated into any variation of adaptive-bias MD, e.g., metady-
namics (MetaD) or adaptive biasing force (ABF). Two variations will be dis-
cussed in particular: (i) driven metadynamics (D-MetaD) and (ii) driven ABF
(D-ABF) that use history-dependent biasing potential and force, respectively,
in order to adaptively bias the system towards a flattened free energy landscape.
The asymptotic convergence of both D-MetaD and D-ABF methods is dis-
cussed in the context of nonequilibrium work relations such as Jarzynski and
Hummer-Szabo relations. We show that the adaptive term of the bias in both
D-MetaD and D-ABF methods converges to the same stationary state as in their
non-driven counterparts, if the convergence is reached. Employing nonequilib-
rium work relations, a method is proposed for accurate free energy reconstruc-
tion and error estimation. Several prototypical examples including polyalanine
and polyproline peptides are used to numerically illustrate the superior effi-
ciency and faster convergence of the method compared with its adaptive-bias
and driven components in isolation. We show that driven adaptive-bias scheme
is particularly useful to study systems with complex free energy landscapes
such as those with multiple high free energy barriers in which non-driven adap-
tive-bias methods fail to converge in an achievable timescale. A publication
introducing D-MetaD method recently appeared in J. Phys. Chem. Lett.
(JPCL 4:1882, 2013).
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The conversion from coarse-grained to atomistic models is an important step in
obtaining insight about atomistic scale processes from coarse-grained simula-
tions. Here we present a new method for this conversion, combining geometric
projection and force-field based relaxation. The projection is based on simple
mapping definitions, describing the correspondence between particles. For
the backbone reconstruction from a coarse-grained model a new algorithm is
used, which, unlike most other methods, is geometrical, rather than statistical.
The method is generic and can be used to map between any two particle based
representations, provided that a mapping can be written. The method was tested
on systems ranging from simple, single-component bilayers to a large protein-
membrane-solvent complex.
We here show a simulation of 2006 lipid molecules, using the Cooke three-bead
model, in which an inverted hexagonal phase is formed. The system is first con-
verted to MARTINI representation, and subsequently converted to full atom-
istic detail, yielding a system of 1.8M
atoms. In addition, we show how a large,
fully solvated membrane-protein complex
is converted from MARTINI to atomistic
representation, allowing investigation of
protein-lipid interactions at atomistic reso-
lution after binding has occurred on the
coarse-grained level.3239-Plat
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In multiscale molecular dynamics simulations the accuracy of detailed models
is combined with the efficiency of a reduced representation.
For several applications _ namely those of sampling enhancement _ it is desir-
able to combine fine-grain (FG) and coarse-grained approaches into a single
hybrid approach with an adjustable mixing parameter.
We present a benchmark of three such schemes _ multigraining, temperature-
scaling, and mass-scaling. These algorithms use different approaches for
Wednesday, February 19, 2014 641adistributing forces across subsystems, and to preserve the integrity of FG mol-
ecules when the system is simulated close to the CG limit.
The benchmark was applied to liquid hexadecane. The temperature-scaling
scheme achieved a threefold sampling speedup with little deviation of FG prop-
erties. The multigraining scheme kept FG properties the best but provided little
sampling speedup. The mass-scaling scheme also yielded a threefold speedup
but deviated the most from FG properties.
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Caveolin induces membrane curvature and drives the formation of caveolae
that participate in many crucial cell functions such as endocytosis. The cen-
tral portion of caveolin-1 contains two helices (H1 and H2) connected by a
three-residue break with both N- and C-termini exposed to the cytoplasm.
Although a U-shaped configuration is assumed based on its inaccessibility
by extracellular matrix probes, caveolin structure in a bilayer remains elusive.
This work aims to characterize the structure and dynamics of caveolin-1 (D82
to S136; Cav182-136) in a DMPC bilayer using NMR, fluorescence emission
measurements, and molecular dynamics (MD) simulations. The secondary
structure of Cav182-136 from NMR chemical shift indexing analysis serves
as guideline for generating initial structural models. 50 independent MD sim-
ulations (80 ns each) are performed to identify its favorable conformation and
orientation in the bilayer. Using the short simulations as a guideline, a repre-
sentative configuration was chosen and simulated for 1 ms to further explore
its stability and dynamics. The results of these simulations mirror those from
the tryptophan fluorescence measurements (i.e., Cav182-136 insertion depth in
the bilayer), and corroborate that Cav182-136 inserts in the membrane with a
U-shaped conformation. The angle between H1 and H2 ranges from 35 to
69, and the tilt angle of Cav182-136 is 27 5 6. The simulations also
show that specific faces of H1 and H2 prefer to interact with each other
and with lipid molecules, and these interactions stabilize the U-shaped
conformation.Platform: Ligand-gated Channels II
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Acid-sensing ion channels (ASICs) are Hþ-gated and Naþ-conducting chan-
nels predominantly expressed in the nervous system. They are involved in
Hþ sensing in many physiological and pathological states such as ischemia
and pain perception. The crystal structure of the chicken ASIC1 isoform has
been revealed in the desensitized and the open state. Functional studies indi-
cate that protonation of key residues in the extracellular loop triggers
conformational changes leading to channel opening. However the molecular
mechanisms linking protonation to the opening and closing of the gate have
not been clarified yet. In this study we used voltage-clamp fluorometry
(VCF) to reveal activity-associated movements occurring on the different
ASIC1a domains. 20 different fluorophore positions located in the thumb,
palm, finger and knuckle domains and in the extracellular pore entry showed
VCF signals related to conformational changes. The timing of fluorescence
changes suggests a complex sequence of movements upon pH change. When
the pH of the extracellular solution was lowered to activate ASICs, rapid
conformational changes were observed in the thumb, finger, knuckle and
extracellular pore entry, followed by slower movements in the palm. The
kinetics of fluorescence and current signals were compared to each other
in order to assess whether the timing of the fluorescence signal corre-
sponded to an effective channel transition. Some of the residues tested
were found to be closely related to channel opening, desensitization or re-
covery from desensitization. Moreover we found that an endogenous trypto-
phan of the b-ball quenched the fluorescence signal of probes positioned in
the finger and knuckle domains. The observed increase of this signal during
channel opening indicates a movement of these domains away from the b-
ball. This is the first extensive analysis of activity-dependent conformational
changes in ASICs which could be applied to other ENaC-Deg related
channels.3242-Plat
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P2X receptors are trimeric membrane ion channels activated by extracellular
ATP. Elucidation of their physiological roles has been handicapped by a lack
of specific tools. In the present work, the P2X2 receptor was engineered to
open and close with different wavelengths of light. We synthesized a photo-
switchable crosslinker, bis(maleimido)azobenzene, of molecular dimensions
appropriate to bridge cysteines introduced at different subunits at the outer
pore (P329C). This produced a P2X2 receptor that was opened within millisec-
onds at 440 nm light and closed rapidly at 360 nm light, as measured by the
ionic currents. When the P329C mutation was combined with the ATP-
binding site mutation, K69A, ATP had no effect while light-induced currents
were still present. The light-gated receptor displayed similar unitary currents,
inward rectification and calcium permeability (PCa/PNa = 2.6), as the P2X2 re-
ceptors activated by ATP. P2X3 receptors with an equivalent mutation (P320C)
could be controlled with light, displaying typical rapid desensitization. P2X3
[P320C] subunits also co-assembled with native P2X2 subunits in pheochromo-
cytoma 12 cells to form light-gated heteromeric P2X2/3 receptors. We
extended this approach to acid-sensing ion channels (ASICs), which are also
trimers but are unrelated in sequence to P2X receptors. The structurally equiv-
alent mutation in human ASIC1 (G430C) was readily opened and closed by
brief applications of light following modification with bis(maleimido)azoben-
zene. This provides functional evidence that P2X receptors and ASICs can open
by a similar mechanism at the level of the pore. The generation of these engi-
neered receptors should facilitate investigation of the functional roles of P2X
receptors and ASICs in the cell, tissue and intact organism.
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Pentameric ligand-gated ion channels (pLGIC) mediate fast chemical transmis-
sion of nerve signals. The structure of GLIC, a bacterial proton-gated homolog,
has been established in its open and Locally Closed (LC) conformations at
acidic pH. Here we report its crystal structure at neutral pH, revealing for the
first time the two end-points of the gating mechanism in the same pLGIC using
X-ray structures. The structural variability in the neutral pH structure observed
in the crystal due to the presence of four copies in the asymmetric unit can be
used to analyse the intrinsic fluctuations in this state. It is found that they have a
marked tendency to occur in the direction of the closed-to-open transition. In
the extra-cellular domain (ECD), an important quaternary change is observed,
involving both a twist and a blooming motion, while the transmembrane chan-
nel (TMD) is closed in an LC-manner. On the tertiary level, detachment of in-
ner and outer beta-sheets in the ECD reshapes two essential cavities at the
ECD-ECD and ECD-TMD interfaces. The first one is the ligand-binding cavity,
the other is a new one that matches a known Caþþ or Znþþ binding site in some
pLGICs. These results shed new light on the allosteric transitions of pLGIC and
their pharmacology. In addition, a plausible pathway between the two forms is
presented and discussed.
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Ligand-binding at the extracellular domain of pentameric ligand-gated chan-
nels, initiates a relay of conformational changes that culminates at the gate
within the transmembrane domain. The interface between the two domains is
a key structural entity that governs gating. Molecular events in signal transduc-
tion at the interface are poorly defined due to its intrinsically dynamic nature
